The aim of this paper is to describe the changing profile of fauna and flora in the Narrabeen Lagoon Catchment, an area of bush and suburban land in the northern beaches of Sydney. The paper documents the large range of species and plant communities presently existing in the catchment, frequently outside the existing National Park system, and highlights the high conservation value of the remaining bush in the area. The paper is limited by the paucity of documentation regarding the local environment. Future threats to the area and responses to these threats are briefly discussed.
Introduction
Narrabeen lagoon is one of over one hundred intermittent closed and open lagoons (ICOL) scattered along the coast of New South Wales (see figure 1) . It is situated about 18 km north of central Sydney (33° 43' S, 151° 17' E) and is fed by Deep Creek, Middle Ck, South Ck, Mullet Ck, Narrabeen Ck and Narreen Ck (listed according to decreasing size). The catchment of the lagoon covers about 55 square kilometers, excluding the lagoon itself, which occupies approximately 2.2 square km. The catchment falls within two local government areas Warringah and Pittwater and about one sixth within Garigal National Park.
Narrabeen Lagoon Catchment (NLC) has until recently remained reasonably intact, given its situation within the northern suburbs of Sydney, but it now finds itself under considerable pressure from encroaching development. This article originated from the work of two of the authors (CH and JM) with local school children (see figure 2 ) who wished to record their favourite animals and challenge the adult world as to how the environment of the catchment would be bequeathed to them. The aim of the article is to briefly describe the history of the area and to document the diversity of fauna and flora, much of which lies outside any form of protection, so as to form a baseline for community action.
History
Human impact from Aboriginal settlement of the catchment goes back at least 6,000 years and on some estimates as far as 20,000 years (Jacobs, 2004) . Dennis Foley, a descendant of the Gai-mariagal the indigenous people of the catchment, mentions many fauna species as sources of food. However, due to their customs some species were only consumed at certain times of the year. Taboo were animals sharing the "skin colour" people were given, which included for the Gai-mariagal "the red-necked wallaby, the raven, the gecko and the sulphur-crested cockatoo" (Foley, 2001) . Carvings in the Catchment often depict hunting and fishing. Another most valuable record regarding the local fauna was established by examining middens. Within the catchment no well preserved midden has been found, but excavations at a midden about 8 km to the north (Attenbrow, 2002) indicate that about 2000 years ago a much larger variety of species within the macropodidae were present than today. Some examples are the Black-striped Wallaby (Macropus dorsalis), the Eastern Grey Kangaroo (Macropus gigangteus), the Wallaroo (Macropus robustus) and the Rednecked Pademelon (Thylogale thetis).
Aboriginal influence on the ecology of the area rapidly declined with the arrival of Europeans in 1788. Due to the spread of smallpox and possibly other diseases, aborigines nearly ceased to exist. On 6 th of June, 1789 Governor Phillip travelled overland from Manly to Broken Bay and the devastating effects of smallpox were seen by the skeletons which covered their path in many places (Jacobs, 2004) . The last large gathering was observed in 1790 when over 200 aborigines came together for a feast at Manly Cove prompted by a stranded whale (Jacobs, 2004) . By 1833, the annihilation of the Aboriginal population was obvious from the blanket distribution to the tribe between Manly and Palm Beach amounting to only six blankets (Jacobs, 2004) .
The introduction of the fox (Volpes vulpes), domestic cat (Felis catus), black rat (Rattus rattus) and rabbit (Oryctolagus cuniculus) no doubt had a similar significant impact upon native fauna and inevitably in turn the vegetation of the area. When considering damage to the land it is important to stress direct as well as indirect effects as the introduction of exotic species had and would continue to have an increasing effect upon the local ecology (Low, 1999) .
Early records of fauna and flora within the catchment by white man are minimal. From Governor Phillip's excursion to Narrabeen Lagoon in August 1788 we know their menu for dinner (Champion and Champion, 1997): They shot and ate a fine duck together with the succulent leaves from the local cabbage tree palms (Livistona australis). Another early record exists from Feb 1805 when George Caley traveled from Pennant Hills to the coast. He followed the upper ridges in the north of the catchment collected a Grevillea species and than descended and walked along a lagoon which he named "cabbage tree lagoon" (Lawrence, 2006) .
The first land grants in the catchment were on the northern side of the lagoon in January 1816 (Champion and Champion, 1997) . "By the 1840's farmland and public and private roads effectively blocked access to traditional Kuringai (sic) campsites and fishing grounds on the Northern Beaches." (Jacobs, 2004) . Often only a portion of the land was cleared and fenced. Soils were mostly very low in nutrients and the terrain too steep and rocky for agricultural use. Charles de Boos, in his description of his holiday in the area in 1861 describes passing abandoned farms and the poverty of the small holdings (Jennings, 1991) . Settlement of the Catchment proceeded slowly. By 1867 less than 10% was occupied (Archives Authority of NSW. Map Number 259). The swampy ground in the Warriewood Valley proved to be very good for vegetable growing and with the exception of beachside Narrabeen it was, in 1906, the first area to be subdivided (Lawrence, 2006) . Timber, was exploited along the ridges bordering the catchment by the French and the Terrey families, both of whom have left their names on present day suburbs. The streams into Narrabeen Lagoon and the lagoon itself were not used for the transport of the logs (Boyce, 2006) . Exploration for coal, gas and oil was conducted within the Deep Creek area in the 1880s (Sheringham and Sanders, 1993) . Mining leases for shale, sandstone and kaolin were also granted.
Overall settlement within the catchment was sparse until the 1950s. Warringah Shire Council was formed in 1906 and the census held in 1911 counted 2823 people living within 700 households. The population approximately doubled every decade until the rate of population growth slowed in the late 1960s. The most recent data (ABS, 2004) from Warringah and Pittwater suggest a population of over 195,000. Of that 19,500 households are within the catchment (Pittwater and Warringah Councils, 2008) .
The north west of the catchment is mainly comprised of a section of Garigal National Park and "Kimbriki", a large regional recycling and waste disposal centre. Garigal National Park (NP) was originally proposed in 1949 by several nature conservation societies; however the land was only gazetted on 19 th April 1991. The park was proposed in three sections (Sheringham and Sanders, 1993) . The first was derived from a land swap from a developer along Mona Vale Road. The second extended the park down to Middle Harbour, outside the Catchment, and including the Davidson State Recreation Area. The third area would have extended the National Park down to the Wakehurst Parkway and south as far as Oxford Falls. Unfortunately this last section was never approved. Much of the land was granted to the Metropolitan Local Aboriginal Lands Council in 1993. The addition of two parcels of land, 130ha in the north east and 32 ha on the southern boundary, enlarged Garigal NP from 819 ha to nearly 1000ha in 1994 (National Parks Association, 1995).
Garbage disposal was a continuing problem for local government solved locally by the dumping of waste into swamps or wetlands. A total of four wetland tips (St Matthew's Farm, Boondah Reserve, Jackson Reserve, North Narrabeen Reserve), were situated in the catchment (Curby and Macleod, 2003) . The 275 acre (111ha) "Kimbriki" landfill site was opened in 1974 but only licensed in 1977, and brought an end to the use of wetlands as sites for garbage disposal. The landfill site was soon met with opposition and the Narrabeen Lagoon Regional Park Association called for its closure as further destruction to bushland was feared. However this nonputrescible landfill site continues in operation to this day and services municipalities from across northern Sydney. Garigal NP acts as a buffer to the landfill site and Narrabeen lagoon; however runoff and leachate from Kimbriki did contaminate Deep Creek, the main waterway within the National Park (Curby and Macleod, 2003) .
Vegetation of the Catchment
At present the catchment of Narrabeen Lagoon can be roughly divided into just under half being bushland, one quarter being parks, sports fields and rural lands and the remaining quarter being for residential and industrial use. Garigal NP makes up just over one third of the bushland. The remaining two thirds of bushland are held by the crown or are in private ownership. Twenty six indigenous vegetation communities are to be found in the catchment (see table 1) and seven of these vegetation communities are not found in either Garigal or the neighbouring Ku-ring-gai Chase NP. Eleven of these 26 vegetation communities are listed as threatened within NSW. One community, the Heart-leaved Stringybark Mallee (NPA, 2002) is threatened in Australia and another, the Yellow-Top Ash Mallee, is rare in Australia (Smith and Smith, 2005a) . A count of plant species for the catchment has not been done, however the flora of Warringah's Local Government area, outside of National Parks has been surveyed and 914 species were recorded by Smith and Smith (2005a) . Significant species such as Grevillea caleyi and Tetratheca glandulosa are found in the catchment. A small terrestrial orchid, Arthrochilus prolixus, classified as rare in Australia was added to Warringah's list in 2003 following its discovery within Narrabeen Lagoon Catchment by the author C.H..
Insert table 1 about here
The forests on the top of the ridge are accompanied by unusual understorey vegetation characterised by high biodiversity with an abundance of plants from the Proteaceae family. The soil on these ridge top locations shows a different composition to surrounding Hawkesbury sandstone. It contains ironstones "lateritic soil" (Benson and Howell, 1990) which fosters a particular type of vegetation. French, Terrey and Duffy logged these taller trees (Eucalyptus sieberi, Eucalyptus capitellata, Eucalpytus pilularis and Syncapia glomulifera) and Caley had collected an unusual grevillea species (Grevillea caleyi) (Lawrence, 2006) . The construction of major roads and adjacent houses along the ridgelines impacted severely on this vegetation community which is now listed as an endangered ecological community (Threatened Species Act 1995) -"Duffy's Forest Ecological Community".
Between bushland and urban areas or roads, weed infestation is nearly always encountered. These weed infested fringe areas are often utilised as habitat or as sources of food. Foxes (Vulpes vulpes) and birds enjoy berries. Little birds and native solitary bees are often attracted to lantana (Lantana camera). Swamp wallabies (Wallabia bicolour) are often encountered in the disturbed vegetation and rabbits (Oryctolagus cuniculus) in the weedy shelter adjacent to grassed sports fields.
Fauna of the Catchment
Provision of 26 indigenous vegetation communities plus several artificially created landscapes enables a large variety of fauna to occupy the catchment. In addition to the endemic fauna many migratory species use the habitat provided. A comprehensive fauna survey for the catchment has never been done. However, we have compiled a list of vertebrate species, with the exclusion of fish, observed in the NLC since 1990 based upon the fauna survey conducted by Smith and Smith (2005c) for Warringah Council of its local government area (see table 2). To be included in the NLC list of species, species needed to have been observed in one of a number of environmental surveys of sections of the NLC conducted after 1990 or as part of biodiversity survey (Basham, 2005; Cox, 2008; ICF and Australian Museum,1994; National Parks Association, 2002; Smith and Smith, 1998; Smith and Smith, 2000; Smith and Smith, 2003; Smith and Smith, 2005c; Smith and Smith, 2008; Taronga Zoo Fauna Survey Team, 1992; Turton, 1996) . In addition two databases were accessed -the Department of Conservation and Climate Change Atlas of NSW Wildlife database and the Australian Museum specimen records (see Australian Museum Sydney Mammals Database 2009; Boles, 2008; Sadlier, 2008) . Finally, in a limited number of cases, the existence of a species was confirmed from sightings published in the local press (Anonymous, 2000; Lake, 1993), ornithological society newsletters (Cox, 2008) or has been observed by the authors. This was confined to easily identified species eg the report of a koala (Phascorarctos cinereus) killed on a road in the catchment (Anonymous, 2000) . By this process a total of 272 species have been observed within the catchment since 1990.
Several difficulties were encountered in the compilation of this list of species that suggests that it if anything it underestimates the diversity of wild life in the region. Firstly several reports known to the authors were not sighted because they were commercial reports and were not released to the authors. Secondly, the surveys completed are limited in time and may easily have missed migratory species whose residence in the catchment is relatively brief. Thirdly, the impact of urbanization and land management practices such as baiting for foxes is likely to have marked effects upon the population of many species (Coates, 2008) . Finally, we have not included a wide range of sea birds that are observed at times on the margins of, but not within the catchment.
To summarise the NLC provides habitat for a minimum of 272 species, excluding fish, many of which are nationally significant:
• 7 species (2.6 %) are vulnerable or endangered in Australia (1 frogs , 1 reptile, 2 birds and 3 mammals),
• 18 species (6.6 %) are vulnerable or endangered in NSW (2 frog, 1 reptile, 6 birds and 9 mammals), • Another 14 species (5.1 %), all birds, are protected by international migratory species agreements, and • Another 2 species (<1 %) are biogeographically significant (1 reptile and 1 bird) [after Smith and Smith (2005c) ].
A number of species are assumed to be locally extinct including Red-naped Snake (Furina diadema), White-fronted Chat (Epthiaura albifrons) and the Beautiful Firetail (Emblema bellum). Also locally extinct are several of those species, which archeological excavations documented like the wombat (Combats ursinus). The emus (Domains novaehollandiae) have been observed after hand-reared animals were released in the catchment but their continued existence has not been confirmed. The Feathertail Glider (Acrobates pigmaeus) has been seen on the edge of the catchment in 2005 (DEC Atlas of NSW Wildlife database) but has not been included in this survey.
A number of species are still regularly encountered in the catchment. These include the echidna (Tachyglossus aculeatus), brown antechinus (Antechinus stuartii), grey headed flying fox (Pteropus poliocephalus) and several other species of bats. After an initial population decline (Anonymous, 1992) the following species rebounded and are now seen quite frequent -the swamp wallaby (Wallabia bicolor), the long nosed bandicoot (Perameles nasuta) and the brush turkey (Alectura lathami). Twenty years ago it was rare to see a dead wallaby on the Wakehurst Parkway, however Harris, Marlow and Harris, (2008) observed that 28 Swamp Wallabies had been killed on an 11.4 km stretch of road within the catchment over a 36 week period in 2005-6. This increase in swamp wallaby roadkill is likely to reflect an increase in animal population which may be a result of the biannual fox baiting program that was commenced in 2000 over the region (Woodford, 2000) . Foxes are thought to impact upon the juvenile populations of swamp wallabies (Coates, 2008) and marginal increases in species populations can, over time, have a significant impact upon overall numbers (Ramp and Ben-Ami, 2006) .
Some species appear to be declining in numbers. "Sugar gliders were found to be quite common during spotlighting transects" of Middle Creek (Taronga Zoo, 1992. p26 (Gill, 1992) . By December 2007, flocks of the birds could be seen above Narrabeen lagoon (author JM). The white-bellied sea eagle (Haliaeetus leucogaster) is commonly observed during summer over the Lagoon (author JM). The powerful owl (Ninox strenua) is present in the catchment with individuals being found as roadkill (Anonymous, 1997; Harris et al, 2008) and is heard frequently.
Waterways and the Lagoon
The Narrabeen Lagoon, like the bushland surrounding it, has suffered significant degradation with the urbanisation of the area. Prior to the 1970s the lagoon mouth was closed for much of the time. Since then the water level in the lagoon has been lowered by the frequent opening of the mouth so as to protect low lying properties from flooding and so as to improve water quality (Gordon, 2006) . The opening of the lagoon into the sea has been restricted to a dedicated outlet since 1949 (Prentis 1989). The depth of the lagoon has also been affected by siltation particularly at the mouths of Middle Creek and South Creek due to developments within the catchment. Sand deposited from dredging has been used to form new land in Bilarong reserve and parts of Jamieson reserve.
Water quality has been affected not only by sedimentation from urban runoff but also from the use of adjoining wetland areas as garbage tips (see above - Curby and Macleod, 2003) . This threat has continued until recently with the one remaining landfill site, Kimbriki, being threatened with prosecution for sediment flow into Deep Creek as recently as 1996. Considerable effort has been made to improve the environmental impact of this site since then (Curby and Macleod, 2003) . The phasing out of backyard septic tanks and the provision of sewerage treatment plants for the housing surrounding the lagoon has lead to a decrease in blue-green algal blooms that frequently closed the lagoon to swimming in the early 1990s (Teutsch, 2001) .
Fire
Wildfires have regularly burnt out areas of the catchment with major fires in 1890 , 1939 , 1965 , 1979 and 1994 (Prentis, 1989 Macleod, 1996) . Laurie Kelly (personal communication) claims that the wildflower industry deliberately burnt sections of the local bush each year to ensure a good harvest. This claim fits with there being 21 large fires of which 11 were severe, in the Oxford Falls area between 1942 to 1957 (Macleod, 1996 . Given that species can either be advantaged or disadvantaged by fire (Smith and Smith, 2000) , a fire management regime of regular mosaic burning has been advocated. Unfortunately no regional fire management plan has been devised for the catchment, fire management being left at a more localized level.
Wildfires in 1979 and 1994 were extensive (MacLeod, 1996) with the later fire burning at least 50% of the catchment. Resultant loss of habitat lead to an increase of animal rescues by local animal protection services (Macleod, 1996) . We note that fire can significantly alter the balance of factors affecting populations of animals such as ringtail possums (Pseudocheirus peregrinus) causing a large drop in animal numbers (Russell, Smith and Augee, 2003) . Unfortunately no local studies have been performed to allow for more specific comment on the effect of fire in the NLC.
Future
The health of the NLC is significantly challenged by threats common to many such areas both in Australia and internationally. One of the most significant challenges is undoubtedly climate change with sea level rise drowning low lying areas of the catchment, extremes of weather and warming increasing the risk of catastrophic fire and flooding and the continued destruction of forest in the catchment contributing in its own small way to carbon release. These pressures will have a negative effect upon the diversity of species in the area (Ad Hoc Technical Expert Group on Biodiversity and Climate Change, 2008).
The introduction of exotic species has a complex effect upon the environment, not necessarily negative. An example of this is the effect of the domestic house cat (Felis catus). High cat activity both kills native birds and controls other causes of egg predation such as rat activity (Dickman, 2007) . However it is likely that warming will favour a range of exotic species and see a loss of biodiversity (Garnaut, 2008) . To our knowledge, the effect of exotic pest species upon the NLC has not been studied.
Human activity continues to impact upon the environment of the area. Roadkill can imperil species causing populations to dip below self-sustaining levels (Ramp and Ben-Ami, 2006). Frequent fires can change both the fauna and flora of an area (Auld and Scott, 2004; Whelan, Collins and Loemker, 2006) and because of the proximity of much of the NLC bush to suburban housing this is expected to continue. Pollution and sedimentation from suburban development and the recycling and waste disposal centre is highly likely to have caused the local extinction of the platypus (Ornithorhynchus anatinus).
Although the Narrabeen Lagoon has been declared as bioregionally significant (DECC, 2008) The continued existence of the NLC as a bioregionally significant area and the protection of the large number of plant communities will require the protection of the remaining bushland and a move from greenfield to brownfield development. The extension of the existing Garigal NP to include the originally planned third stage extending the park to Oxford Falls and the protection of other significant pockets of bushland within the catchment such as Jamieson Park and the Warriewood Wetlands, will provide a network of bushland that is more ecologically sustainable in size. This is still possible as much of the land originally gazetted for the park remains bushland with a substantial proportion (446 hectares) being crown land (Debus, 2005 ). An important component of this program would be the protection, restoration and reestablishment of wildlife corridors on either crown or private hands linking the core with other parcels of bushland. These corridors (Smith and Smith, 2005b) include sites that have recently been proposed for development.
The lagoon itself should be proclaimed an aquatic reserve. This will assist in the protection of the lagoon whilst still allowing for some recreational use. The recent discovery of a hitherto unknown species of mollusc (Salinator tecta) (Golding, Ponder and Byrne, 2007) underlines the environmental value of the lagoon. The protection of the catchment will enhance the water quality of the lagoon and will facilitate the lagoon becoming an aquatic reserve.
The catchment is situated within an international city that needs its bushland spaces. Australia is one of the most urbanized societies in the world, however the existence of major national parks within the perimeter of Sydney provides an exciting opportunity for the education, both formally and informally, of people about the beauty and scientific value of the bush. The NLC is fortunate to have an educational facility, the Coastal Environment Centre, situated by Narrabeen Lagoon, which is visited by about 13,000 people a year (Pittwater Council, 2008) . The extension and support of the educational role that the centre provides especially to schools is important.
The fate of the catchment has been a cause of continued community action. An example of this is the promotion of the catchment with bushwalks, tours and "ecopaddles" organized by the Friends of Narrabeen Lagoon Catchment (www.narrabeenlagoon.org.au). This is supported by regular seminars and newsletters that inform the community about activities, the sustainable use and protection of the Catchment along with the community activism required to maintain and protect it.
The involvement of such grass-root community groups provides an essential monitor on development within the area, complementing the often slow and erratic actions of local and state instrumentalities.
The Narrabeen Lagoon Catchment encapsulates many of the challenges of the preservation of our natural environment in an urban setting. The recognition of the true worth of this area has been slow in coming, for instance this being the first paper that has catalogued the rich diversity of fauna and flora existing specifically in the catchment, however even now, despite this and the acknowledged threat of climate change the balance of competing interests for the use of the land seemingly remain tilted towards further development. The question posed by the children of the area at Legend: NP -Garigal or Kuringai National Park , + present, 0 absent T-threatened, A-Australia, NSW-New South Wales 
